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(54) POLYSULFONE-BASED SELECTIVE PERMEABLE MEMBRANE 

(57)Abstract: 

PURPOSE: To prepare a polysulfone-based selective permeable membrane less liable to the 
deterioration of performance and hardly activating blood platelets. 
CONSTITUTION: When a selective permeable membrane is composed of a polysulfone 
polymer and a hydrophilic polymer, it is made of an aggregate of flocculated particles with the 
hydrophilic polymer coned, in the surfaces. Polyvinylpyrrolidone is used as the hydrophilic 
polymer, the concn. of the hydrophilic polymer coned, in the surfaces of the flocculated particles 
is regulated to 25-50wt.% and a dense layer in the membrane is made of flocculated particles 
each having 10-100nm diameter to obtain the objective polysulfone- based selective permeable 
membrane having 40-80% permeability to ovalbumin in a water system and <1.0% permeability 
to albumin in a cow blood plasma system. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Polysulfone system permselective membrane characterized by for this film having 
consisted of the aggregate of floe and moreover the hydrophilic polymer having condensed on 
the surface of floe in the permselective membrane which consists of a polysulfone system 
polymer and a hydrophilic polymer. 

[Claim 2] Polysulfone system permselective membrane according to claim 1 characterized by a 
hydrophilic polymer being a polyvinyl pyrrolidone. 

[Claim 3] Polysulfone system permselective membrane according to claim 1 characterized by the 
concentration of the hydrophilic polymer condensed on the surface of floe being 25 - 50 % of the 
weight. 

[Claim 4] Polysulfone system permselective membrane according to claim 1 characterized by 
consisting of the floe whose compact layer in the film is the diameter of 10-100nm. 
[Claim 5] Polysulfone system permselective membrane according to claim 1 characterized by for 
the transmission of the ovalbumin in a drainage system being 40 - 80%, and the transmission of 
the albumin in a cow plasma system being 1.0% or less. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the hollow filament-like polysulfone system 

permselective membrane used in the plasma analysis field. 

[0002] 

[Description of the Prior Art] Conventionally, in the field of hemodialysis, some hollow fibers 
made [ are easy to carry out control of the membranous dialysis engine performance at the time 
of film production, and ] from a synthetic polymer since it says that it excels in biocompatibility 
are put in practical use. As film which combines a mechanical strength and chemical stability 
also in it, a polysulfone system hollow fiber is beginning to be used widely. However, since 
surface hydrophilic properties run short remarkably when a film material consists of a 
polysulfone system polymer independent, adsorption of a plasma protein tends to take place. 
Consequently, the performance degradation of the film by the blinding in the membranous hole 
section will happen. And when hydrophilic properties ran short, the omission of the air bubbles 
at the time of a priming was bad, and in order that the air bubbles which remained into the film 
might slip out gradually into blood and might activate a platelet, there was a fault of having 



started platelet adhesion and being easy to result in plasma coagulation. Thus, it is difficult to 
obtain the hemodialysis film and it was possible to carry out hydrophilization by the approach of 
blending a hydrophilic polymer to a polysulfone system polymer a polysulfone system polymer 
independent. 

[0003] Although various approaches have mainly been considered for the purpose of permeable 
improvement about the hydrophilization of a polysulfone system polymer, the following two 
examples are indicated as an approach of controlling the elution of a hydrophilic polymer to the 
minimum, and acquiring sufficient hydrophilic property. Although the film with which a 
hydrophilic polymer exists only in a membranous compact layer side is indicated by JP,62- 
3 8205, A, it is not indicated to the medical-application way. Furthermore, the film with which the 
hydrophilic polymer was unevenly distributed in the film near the internal surface of a hollow 
fiber only at one side is indicated by JP,4-300636,A. However, by this film, since the hydrophilic 
polymer is unevenly distributed only in membranous one side, it is thought that taking place and 
winding [ adsorption of a plasma protein ]-in other part performance degradation tends to 
happen, and the omission of air bubbles is also bad, therefore tends to cause activation of a 
platelet. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention offers the polysulfone system 
permselective membrane to which neither performance degradation nor activation of a platelet 
can take place easily. 
[0005] 

[Means for Solving the Problem] It found out that neither membranous performance degradation 
nor activation of a platelet could start easily the polysulfone system permselective membrane 
obtained by this invention as a result of inquiring wholeheartedly, in order to solve said technical 
problem since hydrophilization of all the floe front faces that form the film is carried out to 
homogeneity. Although the first material which forms the film of this invention is a polysulfone 
system polymer and it is the following chemical formula (1) or the polymer shown by (2), the so- 
called denaturation polysulfone into which the functional group and alkyl group of aromatic 
series were introduced is sufficient, and there is especially no limitation. 
[0006] 
[Formula 1] 



[0007] The second material is a hydrophilic polymer and a polyvinyl pyrrolidone is mentioned as 
an example of representation that what is necessary is just a polysulfone system polymer and the 
compatibility-ized thing. Although a copolymer, a polyethylene glycol, etc. of vinyl pyrrolidone 
and other vinyl system monomers are mentioned to others, the hydrophilic polymer is condensed 
by uniform concentration in the front face of each floe. 

[0008] Since the concentration of a hydrophilic polymer runs short of the hydrophilic properties 
on the front face of floe if it is too low, adsorption of a plasma protein starts, membranous 



performance degradation is caused, and the omission of the air bubbles at the time of a priming is 
bad, and becomes easy to cause activation of a platelet. Since a tangle in a polysulfone system 
polymer will become inadequate and an underwater elution volume will increase on the contrary 
if concentration is too high, it is not desirable as a medical-application way. Therefore, the 
hydrophilic polymer concentration on the front face of floe has 25 - 50 desirable % of the weight, 
and its 25 - 35 % of the weight is still more desirable. The hydrophilic polymer concentration 
used here scans the floe front face exposed to a hollow filament front face through an X-ray, and 
is the value the obtained photoelectron spectrum asked for the average concentration Q f a ****** 
element, and computed by having assigned it to the following type (3). 
[0009] 
[Formula 1] 



CI : In the case of nitrogen atom (%) and concentration, and a polyethylene glycol, content **** 
of a nitrogen-containing hydrophilic-property polymer is the carbon atom concentration (%) of a 
carbonyl group. 

C2 : Sulfur atom concentration (%) 

Ml : Molecular weight M2 of the repeat unit of a hydrophilic polymer : Molecular weight of the 
repeat unit of a polysulfone system polymer [0010] The film of this invention is the aggregate of 
such floe, and has supporters for the compact layer in the other part in the contact surface side 
with blood. A compact layer is a part which determines penetrable ability, and can mention the 
magnitude of the floe which forms the compact layer as an important factor. The diameter of the 
floe which generally forms the compact layer is small, and membranous penetrable ability 
becomes low, so that it moreover gathers to nectar. On the contrary, even if too large, the 
albumin which is a useful plasma protein penetrates and it is not desirable as hemofiltration film. 
[0011] Although the beta2-micro globulin (molecular weight: 11,800) made into the causative 
agent for the improvement of a dialysis amyloid symptom is made to fully penetrate, most 
albumin (molecular weight: 67,000) needs to control the magnitude of the floe of a compact 
layer by the latest hemofiltration therapy for the film which has the fractionation nature which is 
not made to penetrate to be called for, and make such penetrable ability discover. The magnitude 
of floe is computed as an average diameter from the electron microscope photograph of the 
hollow filament cross-section section, and 10-100nm of diameters is 10-50nm preferably. 
[0012] Although the transmission of the ovalbumin (molecular weight: 47,000) in a drainage 
system is 40 - 80% and, as for the hemodialysis film of this invention, the transmission of the 
albumin in a cow plasma system has the description of 1.0% or less, these are equivalent to the 
level of [ transmission / of a beta2-micro globulin ] 0.3% or less in the transmission of 60 - 70%, 
and albumin in actual hemodialysis. Although supporters are governing the membranous 
mechanical strength and ** can be considered, about the magnitude and its set gestalt of the floe 
in supporters, there is especially no limitation that sufficient film reinforcement should just be 
obtained. 

[0013] Next, the case where a polyvinyl pyrrolidone (henceforth "PVP") is used for a 
hydrophilic polymer is explained as an example of the embodiment of a hollow fiber which has 
the above-mentioned description. As a presentation of a film production undiluted solution, PVP 
consists [ a polysulfone system polymer ] of 2 - 8 % of the weight, and these solvents ten to 20% 
of the weight. That what is necessary is just what can dissolve a polysulfone system polymer and 



a polyvinyl pyrrolidone, N,N-dimethylacetamide (henceforth "DMAC"), N.N- 
dimethylformamide, a N-methyl-2-pyrrolidone, dimethyl sulfoxide, etc. are enumerated, and a 
solvent can mix and use these at a rate of independence or arbitration. Furthermore, water may 
be added as nonsolvent of a polysulfone system polymer to extent in which a polymer does not 
deposit. 

[0014] In a film production process, it is thought that a hydrophilic polymer is diffused to the 
outside of floe and it slips out of it from floe by diffusion of the solvent from a film production 
undiluted solution and invasion of nonsolvent in that case although floe generates after the 
nucleation of a polysulfone system polymer. Then, a hydrophilic polymer will be condensed by 
the generated floe front face, if the coagulation of floe is made to complete before the 
hydrophilic polymer has fallen out completely. Therefore, in order to make a floe front face 
condense PVP by desirable concentration, it is necessary to control the diffusion rate of PVP in 
the floe in a generation process, and can control by the factor which the following explains in full 
detail. 

[0015] The first controlling factor is the molecular weight of PVP in a film production undiluted 
solution. That is, when the molecular weight of PVP is too small, before generation of floe is 
completed, PVP is promptly diffused out of floe and is not condensed by the floe front face by 
desired concentration. On the contrary, when molecular weight is large, since the diffusion rate 
of PVP becomes slow since a tangle of a polysulfone system polymer becomes large, it is easy to 
be condensed, and it becomes firm becoming after condensation entangled with a polysulfone 
system polymer so that molecular weight is large, the elution from a front face is also stopped. 
Therefore, desirable molecular weight is 200,000-500,000, if larger than this, the viscosity of a 
film production undiluted solution will be too high, and spinning nature will worsen. Still more 
desirable molecular weight is 300,000-400,000. 

[0016] The second controlling factor is the presentation of a hollow agent. A hollow agent may 
contain PVP in coincidence, although the presentation which can control the generation rate of 
floe and the diffusion rate of PVP in a film production undiluted solution is desirable and the 
water solution of a solvent is used. This is because a floe front face can be made to condense 
PVP by desired concentration if generation of floe is made to complete after PVP in a hollow 
agent has formed PVP which is going to diffuse promptly and it is going to diffuse out of a film 
production undiluted solution into a film production undiluted solution, and sufficient 
concentration balance immediately after the regurgitation. Therefore, the one where a diffusion 
rate is larger than PVP in a film production undiluted solution is desirable, and the thing of 
smaller molecular weight is used. Desirable molecular weight is 0.5-50,000. Moreover, the 
diffusion rate of PVP in a film production undiluted solution is delayable as an addition is 
increased, but if an addition increases, a membranous coagulation rate will become slow and 
spinning nature will worsen. Therefore, a desirable addition is 10 - 30 % of the weight. 
[0017] The solvent added by the hollow agent is used in order to control the penetrable ability of 
the generation rate of floe, and the film, and it is a **** undiluted solution, the same, or a 
different presentation, and the generation rate of floe becomes slow and, moreover, can enlarge 
particle diameter as an addition is increased. The addition of a solvent desirable for terminating 
generation of floe, after PVP diffused from a hollow agent and PVP diffused from floe have fully 
reached the concentration balance is 0 - 60 % of the weight, and the film formed when there 
were many additions more than this will penetrate albumin. It is 30 - 50 % of the weight still 
more preferably. 

[0018] The third controlling factor is temperature. An above-mentioned film production 



undiluted solution and an above-mentioned hollow agent are breathed out by coincidence from 
the spinneret which has an annular orifice, and are drawn after air transit and into a coagulation 
bath. In this case, the diffusion rate of PVP is controllable also by the temperature of a film 
production undiluted solution, a hollow agent, and the air transit section. Diffusion of PVP can 
be sped up so that these are made into an elevated temperature, but since the viscosity of a film 
production undiluted solution will fall and a membranous coagulation rate will also become slow 
if too high, spinning nature worsens. The diffusion rate of PVP is delayable so that it is made low 
temperature on the contrary, but if too low, membranous coagulation will be quick and PVP will 
not be condensed by the floe surface layer. Therefore, the desirable temperature of a film 
production undiluted solution is 30-80 degrees C, and is 35-60 degrees C still more preferably. 
The temperature of a hollow agent presupposes that it is the same as that of a film production 
undiluted solution. Moreover, if it differs from the temperature of a film production undiluted 
solution extremely, since spinning nature will worsen, the temperature of the air transit section is 
set as 30-80 degrees C like a film production undiluted solution, and is 35-60 degrees C still 
more preferably. A coagulation bath is used the making a solvent and excessive PVP remove in 
addition to making membranous coagulation complete purpose, and desirable temperature is 40- 
60 degrees C. 

[0019] Thus, it inserts in a cassette, after rolling round to skein the hollow fiber made to solidify 
and cutting it to fixed length. A hot water shower is made to **, the inside, the outside, and the 
cross-section section of a hollow filament are washed, and still more nearly excessive PVP is 
made to remove from the cutting plane upper part of a bundle. If a glycerol water solution is 
made to adhere finally and it dries, the hollow fiber of this invention will be obtained. 
[0020] 

[Example] Next, although an example explains this invention concretely, this invention is not 
limited at all by them. In addition, many numeric values used in the example are measured in the 
following procedures. 

(Diameter of floe) The photograph (scale factor; 70,000 times) of a freeze fracture side was taken 
with the field emission-type scanning electron microscope, and the average diameter of the floe 
of the outermost layer of a compact layer was computed. 

(PVP concentration in the film) a hollow filament — a stream — it was immersed in inside (water 
temperature; 15-20 degrees C) one whole day and night, and the adhering glycerol was washed. 
It asked for the nitrogen concentration in the film by ********** for having carried out the bone 
dry at 105 degrees C, and converted into PVP concentration. 

[0021] (PVP concentration on the front face of floe) PVP concentration was computed by having 
asked for the average concentration of the nitrogen to a floe surface depth of 6nm, and a sulfur 
atom, and having substituted this for the formula (3) using X linear-light electron- spectrum 
measuring device (PHI-5400 mold). The following procedures performed the preparation of a 
sample. 

Internal surface: It was cut open so that an internal surface might expose a hollow filament with 
a die length of 5mm, and it fixed that several clearances cannot be found in a sample base. 
Outside surface: It was cut open so that an internal surface might expose a hollow filament with 
a die length of 5mm, and it fixed that several clearances cannot be found in a sample base. 
Cross-section section: The freeze fracture of the hollow fiber bundled dozens of was carried out, 
and it fixed to the sample base so that a torn surface might become upward. 
[0022] (Adhesion of the platelet to a hollow fiber) It considered as the index of activation of the 
amount of adhesion on the front face of the film. Bundle ten hollow fibers with a die length of 



15cm, create a small module, and this module is made to pass heparinize fresh blood for 15 
minutes in linear velocity 1.0 cm/sec, and the physiological saline was continuously passed for 1 
minute. Next, the quantum of the lactate dehydrogenase emitted from the platelet which carried 
out beating of the hollow filament, carried out ultrasonic irradiation in the physiological saline 
which contains a triton X-100 0.5%, and adhered to the film front face was carried out. 
Measurement of enzyme activity used the LDH mono-test kit (Boehringer Mannheim and made 
in Yamanouchi). 

[0023] (Adsorption of the plasma protein to a hollow fiber) 100 hollow fibers with a die length 
of 20cm were bundled, and the small module was created. After introducing into this module the 
heparinize cow plasma (heparin 5000 IU/1, protein concentration 6.0 g/dl) warmed at 37 degrees 
C by linear velocity 1.0 cm/sec and performing an ultrafiltration for 240 minutes in differential 
pressure 50mmHg between film, the physiological saline washed for 1 minute. Next, beating of 
the hollow fiber was carried out and the quantum of the plasma protein stirred and extracted in 
the physiological saline which contains lauryl acid sodium 1 .0% was carried out. Measurement 
of protein concentration used BCA protein assay (made in Pierce). 

[0024] (Ovalbumin transmissometry in a drainage system) 100 hollow fibers with a die length of 
20cm were bundled, and the small module was created. The ovalbumin water solution (250 ppm) 
warmed at 37 degrees C was introduced into this module by linear velocity 1.0 cm/sec, and the 
ultrafiltration was performed for 30 minutes in differential pressure 25mmHg between film. 
Permeability was computed by having measured the absorbance of the obtained filtrate and 
former liquid on the wavelength of 280nm, and having substituted for the following formula (4). 
[0025] 
[Formula 2] 



[0026] (Albumin transmission in a cow plasma system, and UFR measurement) 100 hollow 
fibers with a die length of 20cm were bundled, and the small module was created. This module 
was made to pass the heparinize cow plasma (heparin 5000 IU/1, protein concentration 6.0 g/dl) 
warmed at 37 degrees C by linear velocity 1.0 cm/sec, and the ultrafiltration was performed to it 
for 60 minutes in differential pressure 50mmHg between film. After the transmission of albumin 
extracted filtrate after dipping initiation in the 30th minute and carried out the quantum of the 
obtained albumin concentration of filtrate and former liquid, it computed transmission by having 
substituted it for the following formula (5). Measurement of albumin concentration used A/GB- 
Test Wako (Wako Pure Chem make). UFR measurement extracted filtrate in the 5, 30, and 60th 
minute, and measured and computed weight. 
[0027] 
[Formula 3] 



[0028] (Effluent) 1.5g of hollow fibers was put into 150ml of water, and it heated at 70 degrees 
C for 1 hour. The ultraviolet-rays absorbance was measured in the range with a wavelength of 
220-350nm about this supernatant. 

[0029] (Example 1) The polysulfone (product made from AMCO— 1700) 16 section and the 
PVP(BASF [ A.G. ] make: K-90, molecular weight 360,000) 4 section were added in the 



DMAC80 section, it stirred and dissolved at 50 degrees C for 8 hours, and the film production 
undiluted solution was obtained. Next, the DMAC45 section and the water 55 section were 
mixed and the hollow agent was obtained. After passing the inside of the 60-degree C 
coagulation bath in which the air transit section which kept it warm at 50 degrees C was made to 
breathe out the film production undiluted solution which kept it warm at 50 degrees C, and a 
hollow agent to coincidence from the spinneret which has 0.3mm of dies bodies, and an annular 
orifice with a bore of 0.2mm, and the discharge part installed them caudad 45cm, it rolled round 
to skein. Washed the 80-degree C hot water shower over 2 hours after cutting from the cutting 
plane upper part of a bundle, the glycerol water solution was made to adhere, and the vacuum 
drying was carried out. The obtained hollow fiber had neither degradation of membraneous 
ability, nor activation of a platelet. A measurement result is shown in Table -1. 
[0030] (Example 2) The conditions of an example 1 were followed except having used the 
hollow agent which consists of the DMAC30 section, the PVP(K-15, molecular weight 40,000) 
30 section, and the water 40 section. The obtained hollow fiber had neither degradation of 
membraneous ability, nor activation of a platelet. A measurement result is shown in Table -1. 
[0031] (Example 1 of a comparison) The conditions of an example were followed using the 
hollow agent which consists of the DMAC25 section and the water 75 section except having kept 
warm further the temperature of a film production undiluted solution and the air transit section at 
23 degrees C. The obtained hollow fiber had intense degradation of membraneous ability, and 
the platelet was activated. A measurement result is shown in Table -1 . 
[0032] 
[Table 1] 



[0033] 



[Effect of the Invention] The constituent of this invention has neither degradation of 
membraneous ability, nor activation of a platelet, and is useful as permselective membrane for 
hemodialysis. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the hollow filament-like polysulfone system 
permselective membrane used in the plasma analysis field. 



PRIOR ART 



[Description of the Prior Art] Conventionally, in the field of hemodialysis, some hollow fibers 
made [ are easy to carry out control of the membranous dialysis engine performance at the time 
of film production, and ] from a synthetic polymer since it says that it excels in biocompatibility 
are put in practical use. As film which combines a mechanical strength and chemical stability 
also in it, a polysulfone system hollow fiber is beginning to be used widely. However, since 
surface hydrophilic properties ran short remarkably when a film material consists of a 
polysulfone system polymer independent, adsorption of a plasma protein tends to take place. 
Consequently, the performance degradation of the film by the blinding in the membranous hole 
section will happen. And when hydrophilic properties ran short, the omission of the air bubbles 
at the time of a priming was bad, and in order that the air bubbles which remained into the film 
might slip out gradually into blood and might activate a platelet, there was a fault of having 
started platelet adhesion and being easy to result in plasma coagulation. Thus, it is difficult to 
obtain the hemodialysis film and it was possible to carry out hydrophilization by the approach of 
blending a hydrophilic polymer to a polysulfone system polymer a polysulfone system polymer 
independent. 

[0003] Although various approaches have mainly been considered for the purpose of permeable 
improvement about the hydrophilization of a polysulfone system polymer, the following two 
examples are indicated as an approach of controlling the elution of a hydrophilic polymer to the 
minimum, and acquiring sufficient hydrophilic property. Although the film with which a 
hydrophilic polymer exists only in a membranous compact layer side is indicated by JP,62- 
38205 ,A, it is not indicated to the medical-application way. Furthermore, the film with which the 
hydrophilic polymer was unevenly distributed in the film near the internal surface of a hollow 
fiber only at one side is indicated by JP,4-300636,A. However, by this film, since the hydrophilic 
polymer is unevenly distributed only in membranous one side, it is thought that taking place and 
winding [ adsorption of a plasma protein ]-in other part performance degradation tends to 
happen, and the omission of air bubbles is also bad, therefore tends to cause activation of a 
platelet. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The constituent of this invention has neither degradation of 
membraneous ability, nor activation of a platelet, and is useful as permselective membrane for 
hemodialysis. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention offers the polysulfone system 
permselective membrane to which neither performance degradation nor activation of a platelet 
can take place easily. 



MEANS 



[Means for Solving the Problem] It found out that neither membranous performance degradation 
nor activation of a platelet could start easily the polysulfone system permselective membrane 
obtained by this invention as a result of inquiring wholeheartedly, in order to solve said technical 
problem since hydrophilization of all the floe front faces that form the film is carried out to 
homogeneity. Although the first material which forms the film of this invention is a polysulfone 
system polymer and it is the following chemical formula (1) or the polymer shown by (2), the so- 
called denaturation polysulfone into which the functional group and alkyl group of aromatic 
series were introduced is sufficient, and there is especially no limitation. 
[0006] 





[0007] The second material is a hydrophilic polymer and a polyvinyl pyrrolidone is mentioned as 
an example of representation that what is necessary is just a polysulfone system polymer and the 
compatibility-ized thing. Although a copolymer, a polyethylene glycol, etc. of vinyl pyrrolidone 
and other vinyl system monomers are mentioned to others, the hydrophilic polymer is condensed 
by uniform concentration in the front face of each floe. 

[0008] Since the concentration of a hydrophilic polymer runs short of the hydrophilic properties 
on the front face of floe if it is too low, adsorption of a plasma protein starts, membranous 
performance degradation is caused, and the omission of the air bubbles at the time of a priming is 
bad, and becomes easy to cause activation of a platelet. Since a tangle in a polysulfone system 
polymer will become inadequate and an underwater elution volume will increase on the contrary 
if concentration is too high, it is not desirable as a medical- application way. Therefore, the 



hydrophilic polymer concentration on the front face of floe has 25 - 50 desirable % of the weight, 
and its 25 - 35 % of the weight is still more desirable. The hydrophilic polymer concentration 
used here scans the floe front face exposed to a hollow filament front face through an X-ray, and 
is the value the obtained photoelectron spectrum asked for the average concentration Q f a ****** 
element, and computed by having assigned it to the following type (3). 
[0009] 
[Formula 1] 

C i X M i 

Jfijktetf ij CfilW ) = -X100 (3) 

C 1 X M t + C 2* M 2 

CI : In the case of nitrogen atom (%) and concentration, and a polyethylene glycol, content **** 
of a nitrogen-containing hydrophilic-property polymer is the carbon atom concentration (%) of a 
carbonyl group. 

C2 : Sulfur atom concentration (%) 

Ml : Molecular weight M2 of the repeat unit of a hydrophilic polymer : Molecular weight of the 
repeat unit of a polysulfone system polymer [0010] The film of this invention is the aggregate of 
such floe, and has supporters for the compact layer in the other part in the contact surface side 
with blood. A compact layer is a part which determines penetrable ability, and can mention the 
magnitude of the floe which forms the compact layer as an important factor. The diameter of the 
floe which generally forms the compact layer is small, and membranous penetrable ability 
becomes low, so that it moreover gathers to nectar. On the contrary, even if too large, the 
albumin which is a useful plasma protein penetrates and it is not desirable as hemofiltration film. 
[0011] Although the beta2-micro globulin (molecular weight: 11,800) made into the causative 
agent for the improvement of a dialysis amyloid symptom is made to fully penetrate, most 
albumin (molecular weight: 67,000) needs to control the magnitude of the floe of a compact 
layer by the latest hemofiltration therapy for the film which has the fractionation nature which is 
not made to penetrate to be called for, and make such penetrable ability discover. The magnitude 
of floe is computed as an average diameter from the electron microscope photograph of the 
hollow filament cross-section section, and 10-100nm of diameters is 10-50nm preferably. 
[0012] Although the transmission of the ovalbumin (molecular weight: 47,000) in a drainage 
system is 40 - 80% and, as for the hemodialysis film of this invention, the transmission of the 
albumin in a cow plasma system has the description of 1 .0% or less, these are equivalent to the 
level of [ transmission / of a beta2-micro globulin ] 0.3% or less in the transmission of 60 - 70%, 
and albumin in actual hemodialysis. Although supporters are governing the membranous 
mechanical strength and ** can be considered, about the magnitude and its set gestalt of the floe 
in supporters, there is especially no limitation that sufficient film reinforcement should just be 
obtained. 

[0013] Next, the case where a polyvinyl pyrrolidone (henceforth "PVP") is used for a 
hydrophilic polymer is explained as an example of the embodiment of a hollow fiber which has 
the above-mentioned description. As a presentation of a film production undiluted solution, PVP 
consists [ a polysulfone system polymer ] of 2 - 8 % of the weight, and these solvents ten to 20% 
of the weight. That what is necessary is just what can dissolve a polysulfone system polymer and 
a polyvinyl pyrrolidone, N,N-dimethylacetamide (henceforth "DMAC"), N.N- 
dimethylformamide, a N-mefhyl-2-pyrrolidone, dimethyl sulfoxide, etc. are enumerated, and a 
solvent can mix and use these at a rate of independence or arbitration. Furthermore, water may 
be added as nonsolvent of a polysulfone system polymer to extent in which a polymer does not 



deposit. 

[0014] In a film production process, it is thought that a hydrophilic polymer is diffused to the 
outside of floe and it slips out of it from floe by diffusion of the solvent from a film production 
undiluted solution and invasion of nonsolvent in that case although floe generates after the 
nucleation of a polysulfone system polymer. Then, a hydrophilic polymer will be condensed by 
the generated floe front face, if the coagulation of floe is made to complete before the 
hydrophilic polymer has fallen out completely. Therefore, in order to make a floe front face 
condense PVP by desirable concentration, it is necessary to control the diffusion rate of PVP in 
the floe in a generation process, and can control by the factor which the following explains in full 
detail. 

[0015] The first controlling factor is the molecular weight of PVP in a film production undiluted 
solution. That is, when the molecular weight of PVP is too small, before generation of floe is 
completed, PVP is promptly diffused out of floe and is not condensed by the floe front face by 
desired concentration. On the contrary, when molecular weight is large, since the diffusion rate 
of PVP becomes slow since a tangle of a polysulfone system polymer becomes large, it is easy to 
be condensed, and it becomes firm becoming after condensation entangled with a polysulfone 
system polymer so that molecular weight is large, the elution from a front face is also stopped. 
Therefore, desirable molecular weight is 200,000-500,000, if larger than this, the viscosity of a 
film production undiluted solution will be too high, and spinning nature will worsen. Still more 
desirable molecular weight is 300,000-400,000. 

[0016] The second controlling factor is the presentation of a hollow agent. A hollow agent may 
contain PVP in coincidence, although the presentation which can control the generation rate of 
floe and the diffusion rate of PVP in a film production undiluted solution is desirable and the 
water solution of a solvent is used. This is because a floe front face can be made to condense 
PVP by desired concentration if generation of floe is made to complete after PVP in a hollow 
agent has formed PVP which is going to diffuse promptly and it is going to diffuse out of a film 
production undiluted solution into a film production undiluted solution, and sufficient 
concentration balance immediately after the regurgitation. Therefore, the one where a diffusion 
rate is larger than PVP in a film production undiluted solution is desirable, and the thing of 
smaller molecular weight is used. Desirable molecular weight is 0.5-50,000. Moreover, the 
diffusion rate of PVP in a film production undiluted solution is delayable as an addition is 
increased, but if an addition increases, a membranous coagulation rate will become slow and 
spinning nature will worsen. Therefore, a desirable addition is 10 - 30 % of the weight. 
[0017] The solvent added by the hollow agent is used in order to control the penetrable ability of 
the generation rate of floe, and the film, and it is a **** undiluted solution, the same, or a 
different presentation, and the generation rate of floe becomes slow and, moreover, can enlarge 
particle diameter as an addition is increased. The addition of a solvent desirable for terminating 
generation of floe, after PVP diffused from a hollow agent and PVP diffused from floe have fully 
reached the concentration balance is 0 - 60 % of the weight, and the film formed when there 
were many additions more than this will penetrate albumin. It is 30 - 50 % of the weight still 
more preferably. 

[0018] The third controlling factor is temperature. An above-mentioned film production 
undiluted solution and an above-mentioned hollow agent are breathed out by coincidence from 
the spinneret which has an annular orifice, and are drawn after air transit and into a coagulation 
bath. In this case, the diffusion rate of PVP is controllable also by the temperature of a film 
production undiluted solution, a hollow agent, and the air transit section. Diffusion of PVP can 



be sped up so that these are made into an elevated temperature, but since the viscosity of a film 
production undiluted solution will fall and a membranous coagulation rate will also become slow 
if too high, spinning nature worsens. The diffusion rate of PVP is delayable so that it is made low 
temperature on the contrary, but if too low, membranous coagulation will be quick and PVP will 
not be condensed by the floe surface layer. Therefore, the desirable temperature of a film 
production undiluted solution is 30-80 degrees C, and is 35-60 degrees C still more preferably. 
The temperature of a hollow agent presupposes that it is the same as that of a film production 
undiluted solution. Moreover, if it differs from the temperature of a film production undiluted 
solution extremely, since spinning nature will worsen, the temperature of the air transit section is 
set as 30-80 degrees C like a film production undiluted solution, and is 35-60 degrees C still 
more preferably. A coagulation bath is used the making a solvent and excessive PVP remove in 
addition to making membranous coagulation complete purpose, and desirable temperature is 40- 
60 degrees C. 

[0019] Thus, it inserts in a cassette, after rolling round to skein the hollow fiber made to solidify 
and cutting it to fixed length. A hot water shower is made to **, the inside, the outside, and the 
cross-section section of a hollow filament are washed, and still more nearly excessive PVP is 
made to remove from the cutting plane upper part of a bundle. If a glycerol water solution is 
made to adhere finally and it dries, the hollow fiber of this invention will be obtained. 



EXAMPLE 



[Example] Next, although an example explains this invention concretely, this invention is not 
limited at all by them. In addition, many numeric values used in the example are measured in the 
following procedures. 

(Diameter of floe) The photograph (scale factor; 70,000 times) of a freeze fracture side was taken 
with the field emission-type scanning electron microscope, and the average diameter of the floe 
of the outermost layer of a compact layer was computed. 

(PVP concentration in the film) a hollow filament — a stream — it was immersed in inside (water 
temperature; 15-20 degrees C) one whole day and night, and the adhering glycerol was washed. 
It asked for the nitrogen concentration in the film by ********** for having carried out the bone 
dry at 105 degrees C, and converted into PVP concentration. 

[0021] (PVP concentration on the front face of floe) PVP concentration was computed by having 
asked for the average concentration of the nitrogen to a floe surface depth of 6nm, and a sulfur 
atom, and having substituted this for the formula (3) using X linear-light electron- spectrum 
measuring device (PHI-5400 mold). The following procedures performed the preparation of a 
sample. 

Internal surface: It was cut open so that an internal surface might expose a hollow filament with 
a die length of 5mm, and it fixed that several clearances cannot be found in a sample base. 
Outside surface: It was cut open so that an internal surface might expose a hollow filament with 
a die length of 5mm, and it fixed that several clearances cannot be found in a sample base. 
Cross-section section: The freeze fracture of the hollow fiber bundled dozens of was carried out, 
and it fixed to the sample base so that a torn surface might become upward. 
[0022] (Adhesion of the platelet to a hollow fiber) It considered as the index of activation of the 
amount of adhesion on the front face of the film. Bundle ten hollow fibers with a die length of 
15cm, create a small module, and this module is made to pass heparinize fresh blood for 15 



minutes in linear velocity 1.0 cm/sec, and the physiological saline was continuously passed for 1 
minute. Next, the quantum of the lactate dehydrogenase emitted from the platelet which carried 
out beating of the hollow filament, carried out ultrasonic irradiation in the physiological saline 
which contains a triton X-100 0.5%, and adhered to the film front face was carried out. 
Measurement of enzyme activity used the LDH mono-test kit (Boehringer Mannheim and made 
in Yamanouchi). 

[0023] (Adsorption of the plasma protein to a hollow fiber) 100 hollow fibers with a die length 
of 20cm were bundled, and the small module was created. After introducing into this module the 
heparinize cow plasma (heparin 5000 IU/1, protein concentration 6.0 g/dl) warmed at 37 degrees 
C by linear velocity 1 .0 cm/sec and performing an ultrafiltration for 240 minutes in differential 
pressure 50mmHg between film, the physiological saline washed for 1 minute. Next, beating of 
the hollow fiber was carried out and the quantum of the plasma protein stirred and extracted in 
the physiological saline which contains lauryl acid sodium 1 .0% was carried out. Measurement 
of protein concentration used BCA protein assay (made in Pierce). 

[0024] (Ovalbumin transmissometry in a drainage system) 100 hollow fibers with a die length of 
20cm were bundled, and the small module was created. The ovalbumin water solution (250 ppm) 
warmed at 37 degrees C was introduced into this module by linear velocity 1.0 cm/sec, and the 
ultrafiltration was performed for 30 minutes in differential pressure 25mmHg between film. 
Permeability was computed by having measured the absorbance of the obtained filtrate and 
former liquid on the wavelength of 280nm, and having substituted for the following formula (4). 
[0025] 
[Formula 2] 

»a*(»>« "i 00 (4) 

[0026] (Albumin transmission in a cow plasma system, and UFR measurement) 100 hollow 
fibers with a die length of 20cm were bundled, and the small module was created. This module 
was made to pass the heparinize cow plasma (heparin 5000 IU/1, protein concentration 6.0 g/dl) 
warmed at 37 degrees C by linear velocity 1.0 cm/sec, and the ultrafiltration was performed to it 
for 60 minutes in differential pressure 50mmHg between film. After the transmission of albumin 
extracted filtrate after dipping initiation in the 30th minute and carried out the quantum of the 
obtained albumin concentration of filtrate and former liquid, it computed transmission by having 
substituted it for the following formula (5). Measurement of albumin concentration used A/GB- 
Test Wako (Wako Pure Chem make). UFR measurement extracted filtrate in the 5, 30, and 60th 
minute, and measured and computed weight. 
[0027] 
[Formula 3] 

* 100 G) 

[0028] (Effluent) 1.5g of hollow fibers was put into 150ml of water, and it heated at 70 degrees 
C for 1 hour. The ultraviolet-rays absorbance was measured in the range with a wavelength of 
220-350nm about this supernatant. 

[0029] (Example 1) The polysulfone (product made from AMCO— 1700) 16 section and the 
PVP(BASF [ A.G. ] make: K-90, molecular weight 360,000) 4 section were added in the 
DMAC80 section, it stirred and dissolved at 50 degrees C for 8 hours, and the film production 



undiluted solution was obtained. Next, the DMAC45 section and the water 55 section were 
mixed and the hollow agent was obtained. After passing the inside of the 60-degree C 
coagulation bath in which the air transit section which kept it warm at 50 degrees C was made to 
breathe out the film production undiluted solution which kept it warm at 50 degrees C, and a 
hollow agent to coincidence from the spinneret which has 0.3mm of dies bodies, and an annular 
orifice with a bore of 0.2mm, and the discharge part installed them caudad 45cm, it rolled round 
to skein. Washed the 80-degree C hot water shower over 2 hours after cutting from the cutting 
plane upper part of a bundle, the glycerol water solution was made to adhere, and the vacuum 
drying was carried out. The obtained hollow fiber had neither degradation of membraneous 
ability, nor activation of a platelet. A measurement result is shown in Table -1. 
[0030] (Example 2) The conditions of an example 1 were followed except having used the 
hollow agent which consists of the DMAC30 section, the PVP(K-15, molecular weight 40,000) 
30 section, and the water 40 section. The obtained hollow fiber had neither degradation of 
membraneous ability, nor activation of a platelet. A measurement result is shown in Table -1. 
[0031] (Example 1 of a comparison) The conditions of an example were followed using the 
hollow agent which consists of the DMAC25 section and the water 75 section except having kept 
warm further the temperature of a film production undiluted solution and the air transit section at 
23 degrees C. The obtained hollow fiber had intense degradation of membraneous ability, and 
the platelet was activated. A measurement result is shown in Table -1. 
[0032] 

[Table 1] 
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[Translation done.] 



